Abstract. To suppress alpha-stable noise and co-channel interference, this paper defines a novel cyclic correlation function, and proposes a new MUSIC algorithm based on sigmoid cyclic correlation function. Furthermore, the proposed algorithm (SCC-MUSIC) is applied to estimate direction of arrival (DOA) in alpha stable distribution noise. Simulation results demonstrate that the proposed SCC-MUSIC can get a better performance than several existing algorithms especially in the highly impulsive noise environments.
Introduction
Source localization by direction of arrival (DOA) has been received considerable attention in radar, sonar and wireless communication over the past years [1] . The MUSIC algorithm [2] , one of the most well-known subspace methodology, has attracted much attention and is an asymptotically unbiased DOA estimator based on the Gaussian noise assumption [3, 4] . However, in some scenarios, noises exhibit an impulsive nature caused mainly by sudden bursts or sharp spikes [5] [6] [7] , and it is inappropriate to model the noise as Gaussian distributed.
To overcome the Alpha stable distribution noise, many DOA estimation algorithms based on the fractional lower-order statistics (FLOS) were proposed [8] [9] [10] . However, the algorithms have obtained certain estimation preformation, but have some limitations: (1) the characteristic exponent of noise must be estimated to ensure 1 p  or 02 p   , where p is the order of moments and α is the characteristic exponent of the impulsive noise. (2) these methods can not accurately estimate parameter if there is not the priori knowledge of characteristic exponent, furthermore, algorithms preformation degrade seriously even invalid while fractional lower-order moment value is not appropriate. To handle this problem, [11] proposes an algorithm based M-estimate like correlation algorithm to estimate DOA. Zhang and Qiu [12, 13] propose the algorithm of DOA estimation based CRCO-MUSIC. However, performance of these algorithms will degrade significantly when the underlying noise is highly impulsive, specially 1
Most man-made signals encountered in communication, telemetry, radar and sonar systems, some parameters do vary periodically with time. There can be much to gain in terms of improvements in performance of these processors by recognizing and exploiting the very special property shared by many man-made signals named as cyclostationarity [14] [15] [16] . [11] [12] ( ) ( ) ( ) ( )
where 
Sigmoid function
The Sigmoid function is widely accepted as a common nonlinear transformation [17] . Its definition is shown in Eq.(3).
( ) ( ) . We find that the correlation matrix estimation used in subspace algorithms is replaced by the sigmoid cyclic correlation matrix estimation. Since the sigmoid transformation can suppress α-stable noise, and the cyclostationarity of the signal can select the SOIs, the number of sources presented in the sigmoid cyclic correlation matrix is reduced, thus the detection capability and resolution performance can be significantly improved. 
The singular value decomposition (SVD) of the sigmoid cyclic correlation matrix
For the transmitted signal ( ) 
Simulation results
In the simulations, we consider a ULA with  and  are the variance of the underlying signal and dispersion of the SS  noise, respectively. The performance is evaluated by two statistical performance measures: the probability of resolution and root mean square error (RMSE) of DOA estimation. If the DOA estimation error for each source is less than 3 simultaneously, we call it a successful estimation. The probability of resolution is the ratio of the successful runs to the total Monte Carlo runs and the RMSE of those successful runs is defined by ( ) ( ) In this section, some simulations have been carried out to compare the performance of different methods including conventional MUSIC [4] , FLOM-MUSIC [10] , CRCO-MUSIC [15] , and the proposed SCC-MUSIC. The kernel size  is set as 3  = for CRCO-MUSIC, and the parameter p is set as 
GSNR
In this simulation, the generalized signal to noise ratio is set as
and snapshot number is
The influence of GSNR to the performance of four algorithms is shown in Fig.1 . Although all the performances are improved with the increase of GSNR, the conventional MUSIC method is inferior to other four methods. For low GSNRs, both the CRCO-MUSIC and the SCC-MUSIC can get higher successful probability than other methods, however, the SCC-MUSIC can obtain more accurate DOA estimation results. For high GSNRs, the CRCO-MUSIC and MCC-MUSIC can obtain smaller RMSEs than other methods. Therefore, the SCC-MUSIC algorithm have better preformation especially when the GSNR values are low. 
Snapshot
In this simulation, the generalized signal to noise ratio is set as GSNR 10dB
The influence of the Snapshot to the performance of four algorithms are shown in Fig.2. From Fig.2 , we can find the RMSE of other three methods decrease with the increase of snapshot number except conditional MUSIC method. So, we adapt 800 N = for further simulations. Furthermore, these three methods have similar probability of resolution. However, the proposed method can obtain lower estimation RMSE.
Characteristic exponent 
The influence of the Characteristic exponent to the performance of four algorithms are shown in Fig.3 .
We can also see that the performance of the proposed method varies slightly with the variation of α, and the proposed method can get a significantly higher successful probability and better estimation of DOA than those of other methods when 1   . It means that the proposed method is more robust to highly impulsive noise. We also can find that the estimation accuracy of the proposed method is higher than other methods 
Conclusion
Inspired by the theory of Sigmoid function, this paper defines the sigmoid cyclic-correlation function (SCC), and constructs cyclic correlation matrix based on the sigmoid transformation. The corresponding new estimation method (SCC-MUSIC) is proposed for DOA estimation under the  -stable noise conditions. We compare performance of the proposed methods with those of conditional MUSIC, FLOM-MUSIC and CRCO-MUSIC algorithms under the condition of complex isotropic symmetric  stable noise model. The simulation results show that the proposed method can get better estimation results.
